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Introduction

Summary

Fetal alcohol syndrome (FAS) is a permanent birth defect syndrome caused by mater-
nal consumption of alcohol during pregnancy. It is characterised by growth deficiency,
central nervous system damage/dysfunction, and a unique cluster of minor facial
anomalies. To assess the effectiveness of fetal alcohol syndrome prevention efforts, one
must be able to estimate accurately the prevalence of fetal alcohol syndrome over time
in population-based samples. With the establishment of the Washington State Fetal
Alcohol Syndrome Diagnostic and Prevention Network of clinics, the development of
the Fetal Alcohol Syndrome Facial Photographic Analysis Software, the creation of the
Fetal Alcohol Spectrum Disorders (FASD) 4-Digit Diagnostic Code, the establishment
of the Foster Care Fetal Alcohol Syndrome Screening Program, and the collection of
Pregnancy Risk Assessment Management System data on maternal use of alcohol
during pregnancy, the tools, methods and infrastructure for assessing the effectiveness
of fetal alcohol syndrome primary prevention efforts in Washington State are in place.
A cross-sectional study was conducted to determine whether the prevalence of fetal
alcohol syndrome among children in a foster care population, born between 1993 and
1998, decreased with the documented decrease in prevalence of maternal use of alcohol
during pregnancy from 1993 and 1998 in Washington State.

The prevalence of maternal drinking during pregnancy in Washington State
declined significantly (P <0.001) from 1993 to 1998 as did the prevalence of fetal
alcohol syndrome among foster children born 1993-98 (P < 0.03). These observations
support the likelihood that fetal alcohol syndrome prevention efforts in Washington
State are working successfully.

span a broad continuum from public health education

Fetal alcohol syndrome (FAS) is a permanent birth
defect syndrome caused by maternal consumption of
alcohol during pregnancy. It is characterised by
growth deficiency, central nervous system (CNS) dam-
age/dysfunction, and a unique cluster of minor facial
anomalies.*? It is also the leading known cause of
mental retardation/developmental disabilities in the
western world® and is entirely preventable. The prev-
alence of FAS is estimated to be 1-3 per 1000 live
births* in the US general population, but has been doc-
umented to be as high as 15 per 1000 in some high-risk
populations.®

To prevent FAS, maternal alcohol consumption dur-
ing pregnancy must be avoided. Prevention efforts

and policy®™ to direct intervention targeted to high-
risk women.!® To assess the effectiveness of FAS pre-
vention efforts, one must be able to estimate accurately,
consistently and efficiently the prevalence of FAS over
time in population-based samples. Accurate estimates
of prevalence, in turn, require accurate diagnostic
methods. With the establishment/development of the
Washington State FAS Diagnostic and Prevention Net-
work (FAS DPN) of clinics in 1993, the computer-
ised FAS Facial Photographic Analysis Software in
19952 the FASD 4-Digit Diagnostic Code in
1997,2%422 the Foster Care FAS Screening Program
in 1999° and ongoing collection of Pregnancy Risk
Assessment Monitoring System (PRAMS) data by
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Washington State since 1993,2-% the methods and infra-
structure for assessing the effectiveness of FAS primary
prevention efforts through FAS screening, diagnosis
and surveillance are now in place in Washington State.

The purpose of this cross-sectional study was to
determine if the prevalence of FAS among children in
a foster care population, born between 1993 and 1998,
decreased with the documented decrease in preva-
lence of maternal use of alcohol during pregnancy
from 1993 to 1998 in Washington State.

Methods

Prevention efforts in Washington State

Fetal alcohol spectrum disorder was identified at the
University of Washington in 1970 by Ulleland and
Smith® spawning two major clinical/research pro-
grammes, the FAS DPN* and the Fetal Alcohol and
Drug Unit,*® which have made significant contribu-
tions over the past three decades to screening, diagno-
sis, education and prevention of FASD. Washington
State prevention efforts have reflected the full contin-
uum of strategies from public health education and
training®®™'2?" to direct intervention with high-risk
women.?3 Although prevention efforts have been
ongoing since the early 1970s, a substantial increase in
effort began in 1992 with the implementation of FAS
prevention projects sponsored by the Centers for Dis-
ease Control,'*'"#% establishment of the Parent-Child
Assistance Program,® and a legislative mandate in
1995% for statewide expansion of the FAS DPN and
establishment of the FAS Interagency Work Group to
ensure coordination of efforts across key state agencies
including family advocacy groups.*

Surveillance of maternal drinking during pregnancy
in Washington State

PRAMS is a CDC-sponsored, ongoing, population-
based surveillance system designed to monitor self-
reported maternal behaviours that occur before, during
and after pregnancy.*? Washington State is one of 31
states participating in PRAMS and the Washington
State Department of Health has collected PRAMS data
since June 1993. Each month, 1 in 40 live births are
randomly selected from the Washington State birth cer-
tificates. Over-sampling by race other than Caucasian
is conducted to increase the reliability of estimates for
these racial groups. The data are then weighted to
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reflect the true racial profile of the state. At two to
6 months postpartum, the sampled mothers (n = 2000/
year) are sent an explanatory letter and a self-admin-
istered PRAMS questionnaire. Non-respondents are
sent a second questionnaire by mail and then multiple
attempts to follow up are conducted by telephone. In
the first year of data collection (1993), data were col-
lected over 9 rather than 12 months with a response
rate of 61%. For all other years, data were collected
over 12 months with an average response rate of 70%.

The PRAMS questionnaire currently includes 66
questions (52 core questions and 14 state-specific ques-
tions). The core questions address obstetric history and
risk factors, maternal feelings about timing of preg-
nancy, maternal economic status, birth control, prena-
tal care, folic acid awareness, prenatal behaviours and
experiences (cigarette smoking, alcohol use, psychoso-
cial stress during the 12 months prior to delivery, and
physical abuse before and during pregnancy), prenatal
hospitalisation, labour and delivery, and infant health.
Two core questions documenting alcohol use include:
‘During the 3 months before you got pregnant, how
many alcoholic drinks did you have in an average
week?” and ‘During the last 3 months of your preg-
nancy, how many alcoholic drinks did you have in an
average week?’ Reported use of alcohol 3 months prior
to pregnancy is deemed the most accurate measure
of early pregnancy use because women often do not
know they are pregnant until the second month and
typically do not change their drinking patterns until
they know they are pregnant.®**® A drink was defined
as: one glass of wine, one wine cooler, one can or bottle
of beer, one shot of liquor or one mixed drink. Women
were asked to select from the following choices: |
didn’t drink then; 1-3 drinks per week, 4-6 drinks per
week, 7-13 drinks per week, 14 or more drinks per
week; | don’t know.

To date, prevalence estimates for maternal use of
alcohol 3 months prior to pregnancy and during the
third trimester of pregnancy are available from 1993 to
1998 in Washington State from 12 388 women.?%

Prevalence of FAS in a Washington State foster
care population

In 1999, the FAS DPN implemented FAS screening and
diagnosis of all children entering the Foster Care Pass-
port Program (FCPP) in King County, Washington
using the FAS Facial Photographic Analysis
Software®**® and the FAS 4-Digit Diagnostic Code.?*
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Details on the performance of the screening tool and
the prevalence of FAS among the first 600 children
screened have been published previously.® Briefly, all
children, who were legally dependent with the State of
Washington and enrolled in the Region 4 FCPP on or
after 1 March 1999 in King County, Washington were
eligible to participate in the screening. To be enrolled
in the FCPP, a child had to be: (a) legally supervised
by the Department of Social and Family Services; (b)
0-12 years of age at the time of enrolment, but may
remain in the programme after their 12th birthday; (c)
dependent and (d) in out-of-home placement.

To screen for FAS, a photographer from the FAS
DPN was sent to the home of the foster child to take
standardised, digital facial photographs with an inter-
nal measure of scale placed in the photo. A child
screened positive for FAS if they had all three of the
following facial features: palpebral fissure lengths two
or more standard deviations below the mean, a smooth
philtrum (Likert rank 4 or 5 on the 5-point Lip-
Philtrum Guide) and a thin upper lip (Likert rank
4 or 5 on the 5-point Lip-Philtrum Guide) (Fig. 1).2*%
This case-definition for the FAS facial phenotype was
derived analytically by Astley and Clarren,*® matches
the original 1979 definition by Smith,*” and has been

Palpebral Fissure Length

L
endocanthion to exocanthion ﬂ

1
Philtrum
— Upper Lip

Lip-Philtrum Guide

Figure 1. The three facial features of FAS include: (a) palpebral
fissure lengths (the distance between the endocanthion and exo-
canthion landmarks) two or more S.D.s below the mean; (b)
philtrum smoothness = Rank 4 or 5 on Lip-Philtrum Guide; and
(c) upper lip thinness = Rank 4 or 5 on Lip-Philtrum Guide.

found to be highly sensitive and specific to FAS.*®
Image analysis software® developed by the FAS DPN
was used to measure the magnitude of expression of
the FAS facial phenotype from the digital images. This
procedure is described in detail by Astley and
Clarren® and demonstrated in a CD-ROM.*

All children who screened positive for the FAS facial
phenotype were scheduled for a diagnostic evaluation
at the FAS DPN clinic where they received a compre-
hensive diagnostic evaluation and treatment plan by
the interdisciplinary team using the 4-Digit Diagnostic
Code.?® The 4-Digit Diagnostic Code is an objective,
case-defined method for diagnosing the full spectrum
of outcomes associated with prenatal alcohol expo-
sure. It was developed to increase diagnostic accuracy
and reproducibility. The screening activity was
approved by the Human Research Review Boards of
Washington State and the University of Washington.
This ongoing screening activity has demonstrated that:
(1) the prevalence of FAS in this foster care population
is 10-15 per 1000, (2) the screening tool performs with
100% sensitivity and 99% specificity in this population-
based sample, and (3) screening can be accomplished
on a near complete (98%) sample of this population.®
The population screened ranged in age from 3 months
to 15 years, was 48% female and had a racial distribu-
tion of 48% Caucasian, 32% African American and 12%
Native American. The subset of five children diag-
nosed with FAS ranged in age from 1 to 11 years, three
were female, two were Caucasian and three were Afri-
can American.

Since Washington State PRAMS data documented a
significant decline in maternal use of alcohol during
pregnancy from 1993 to 1998, one might expect to see
a decrease in the prevalence of FAS among children
born in those years (1993-98). The Foster Care FAS
Screening/Diagnostic Program provided a unique
opportunity to assess change in prevalence of FAS over
time in a high-risk population-based sample. The first
step was to identify all children born from 1993 to 1998
(n = 264) among the first 600 children who participated
in the screening programme. This was necessary
because maternal use of alcohol during pregnancy
from 1993 to 1998 could only affect children born in
those years.

The proportion of children who were diagnosed
with FAS within each of these six birth cohorts was
computed. The prevalence of FAS was computed by
birth cohort rather than by year of entry into foster care
because the former would be far more sensitive in
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documenting change. While a reduction in maternal
drinking over time should result in a decrease in the
prevalence of FAS among children entering foster care
in each successive year, the decrease from year to year
would be quite small because children entering foster
care in any single year will range in age from birth up
to 18 years old. For example, children entering foster
care through the Foster Care Passport Program in the
year 2000 will have been born across 12 different birth
cohorts from 1988 to 2000. The prevalence of FAS
among children entering foster care in 2000 would be
influenced by the drinking patterns of their mothers
from 1988 to 2000. Any reduction in drinking in the
late 90s could be masked by the higher prevalence
of drinking in the early 90s. Thus, to document the
impact of maternal drinking on risk of FAS from year
to year, the prevalence of FAS needs to be based on the
year the child was born, not the year the child entered
foster care.

Analysis

The chi-square test for linear trends was used to assess
the change in prevalence of maternal drinking and
change in prevalence of FAS from 1993 to 1998. Pear-
son and Spearman p correlation coefficients were com-
puted to assess the correlation between prevalence of
maternal drinking in early and late pregnancy and
prevalence of FAS. Pearson and Spearman p were used
when data were normally and not normally distrib-
uted respectively.

Results

Change in prevalence of alcohol use over time

Washington State PRAMS data show that the preva-
lence of maternal alcohol use 3 months prior to preg-
nancy and during the third trimester declined
significantly (chi-square =66.9, P <0.001 and chi-
square =101.3, P <0.001, respectively) from 1993 to
1998, exceeding the Healthy People 2010 objective of
6%%* (Table 1, Fig.2). This decline is most striking
among the women reporting the highest levels of use
(>14 drinks/week) in early pregnancy (chi-square
=64.5, P <0.0001).

Change in prevalence of FAS over time

Of the first 600 children who participated in the foster
care FAS Screening Program,® 264 were born from 1993
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Table 1. Decline in the prevalence of women reporting alcohol
use 3 months prior to pregnancy and in the third trimester of
pregnancy in Washington State from 1993 to 1998%%

Average drinks per week

Year N <1 1-3 4-6 7-13 >14 >0

Three months before pregnancy (n = 12 063)
1993 1254 501 290 119 4.2 49* 515
1994 2430 51.3 29.0 10.7 53 3.7 57.3
1995 1985 55.5 26.6 124 35 2.0 49.8
1996 2069 51.8 29.9 121 34 2.8 49.6
1997 2098 517 284 117 6.3 20 465
1998 2227 554 279 124 3.6 07 443

Third trimester (n = 12 198)
1993° 1293 728 213 0.2 3.2 25  14.6°
1994 2430 750 201 2.0 2.8 0.1 7.8
1995 2017 796 175 25 01 0.4 8.2
1996 2105 837 128 3.4 0.0 0.1 8.3
1997 2116  88.2 8.3 3.2 0.0 0.3 6.2
1998 2237 80.6 183 0.9 0.1 0.2 3.9

*Three months before pregnancy: test for linear trend from 1993
to 1998. Drinking >0 drinks/week: chi-square = 66.9, P < 0.0001.
Drinking >14 drinks/week: chi-square = 64.5, P < 0.0001.

®Third trimester of pregnancy: test for linear trend from 1993 to
1998. Drinking >0 drinks/week: chi-square =101.3, P < 0.001.
The Healthy People 2010 objective is to reduce the prevalence of
drinking during pregnancy to 6%.%

‘Data were collected over 9 months in this first year with a
response rate of 61%. For all other years, data were collected over
12 months with an average response rate of 70%.

to 1998. Five of these 264 children screened positive
and were diagnosed with FAS.® A diagnosis of FAS
required all of the following to be present: height and
weight at or below the 10th percentile; all three FAS
facial features as described in Fig. 1; evidence of sig-
nificant structural, neurological or functional CNS
damage and a confirmed history of prenatal alcohol
exposure.? The prevalence of FAS among these 264
foster children declined significantly (chi-square = 4.7,
P =0.03) across each birth cohort from 1993 to 1998.
(Table 2, Fig. 2).

Correlation between maternal drinking and
FAS prevalence

The prevalence of alcohol use during pregnancy from
1993 to 1998 in this statewide sample of women was
compared with the prevalence of FAS among children
born between 1993 and 1998 in this King County foster
care population. Despite the cross-sectional nature
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Figure 2. Decline in the prevalence of alcohol use by women in
Washington State. (O) Any level of alcohol use 3 months prior to
pregnancy; ((J) Any level of alcohol use in the third trimester of
pregnancy; (O) Heavy alcohol use (>14 drinks/week) 3 months
prior to pregnancy from 1993 to 1998;*% (A) Prevalence of FAS
among children in the King County Foster Care Passport Pro-
gram born from 1993 to 1998.°

of these data, remarkably strong correlations were
observed that increased in strength as the risk in tim-
ing and level of maternal alcohol use increased. When
the analysis focused on the timing of alcohol use, the
decline in FAS was more strongly correlated with the
decline in maternal alcohol use in early pregnancy
(Pearson Correlation Coefficient=0.61, P = 0.200) than
in late pregnancy (Spearman’s p =0.33, P =0.52). This
stronger correlation between FAS and early pregnancy
exposure would be expected since (1) the FAS facial
features are caused by alcohol exposure in the first
8 weeks of pregnancy and (2) the PRAMS question
‘How much were you drinking in the third trimester?’
would fail to identify a subset of women at high risk

for bearing children with FAS (namely, women who
did not drink in the third trimester, but did drink
heavily in early pregnancy before they knew they were
pregnant). When the analysis focused on both timing
and level of alcohol use, the decline in FAS was most
strongly and significantly correlated with the decline
in prevalence of women reporting the highest-risk
drinking pattern (>14 drinks/week in early preg-
nancy). The Pearson Correlation Coefficient was 0.86
(P =0.028). The power to detect statistically significant
correlations was limited by the number of years data
were available (n =6). This study had 80% power to
detect correlation coefficients >0.85, at a two-tailed
alpha level of 0.05.

Discussion

PRAMS data document a significant decline in the
prevalence of maternal alcohol use during pregnancy
from 1993 to 1998. The FAS DPN Screening/Diagnostic
Program documents a significant decline in the preva-
lence of FAS among foster children born between 1993
and 1998. These observations support the likelihood
that FAS prevention efforts in Washington State are
working successfully. While this study was not
designed to determine which prevention efforts were
most effective, the prevention literature strongly sup-
ports that a comprehensive approach that utilises the
entire spectrum of effort from public health education
to targeted intervention has the greatest impact.***
Although the declines in maternal drinking and FAS
observed in this study were statistically significant,
these declines are based on very subtle annual reduc-
tions (each declining by just a few percentage points
per year). Detection of subtle changes in FAS preva-
lence requires use of diagnostic and screening methods
that are specifically case-defined so that they can be

Table 2. Decline in the prevalence of FAS among 264 children in
the King County Foster Care Passport Program born from 1993
to 1998

Birth cohort ~ Number screened FAS prevalence*  FAS n

1993 30 6.67% 2
1994 42 4.76% 2
1995 39 0.00% 0
1996 45 0.00% 0
1997 46 2.17% 1
1998 62 0.00% 0

?Chi-square test for linear trend from 1993 to 1998 = 4.7, P = 0.03.
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accurately and reproducibly administered from year to
year on a complete population-based sample. Typi-
cally, FAS surveillance activities to date have been
population-based and rely on records-based data
abstraction to generate prevalence estimates.***? The
FAS DPN screening, diagnostic and surveillance pro-
gramme is unique because it integrates all three of
these activities, capitalising on the inherent strengths
of each. For example, the FAS DPN starts by screening
all children in a foster care population with a FAS
screening tool that performs with 100% sensitivity and
99.8% specificity. The FAS screening tool performs
with the accuracy of a diagnostic tool because it is the
diagnostic tool used to measure the FAS facial pheno-
type. The screening activity doubles as a highly effec-
tive surveillance activity because near-complete case
ascertainment (98%) is achieved. High ascertainment
is accomplished because the photographic screening
tool can be practically administered and is targeted to
a population that is (1) specifically defined, (2) readily
tracked over time, and (3) motivated to participate
because of the direct benefits. All children who screen
positive receive a comprehensive diagnostic evalua-
tion by a interdisciplinary team using the same diag-
nostic method (the 4-Digit Diagnostic Code).

At the time of diagnosis, the team reviews all med-
ical, social service and educational records available on
the child in addition to obtaining measures of growth,
face, brain function and alcohol exposure through car-
egiver interview and direct clinical evaluation of the
child. In contrast, a typical surveillance programme
will rely on the passive chance that: (1) a child utilises
the health care system; (2) a FAS diagnostic evaluation
is conducted; (3) the surveillance programme obtains
a copy of the relevant medical record(s); and (4) the
record contains both accurate and sufficient informa-
tion to confirm the child does or does not have FAS.

In a records-based approach to surveillance, all chil-
dren will not have an equal chance of being correctly
identified because the diagnostic methods used will
vary from child to child and the accuracy of the data
in the medical record cannot be confirmed as the child
is never seen directly by the surveillance programme.
This will limit the ability of the programme to track
subtle changes in prevalence over time. In addition,
surveillance programmes that rely on record abstrac-
tion often have to rely on proxy case definitions of FAS
rather than the true clinical definition because the data
needed to confirm a diagnosis of FAS is often not
present in the medical or psychological records.* The
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inadequacy and variability of medical record docu-
mentation of FAS is well documented in the literature®
and has been our experience in the FAS DPN clinic for
the past 12 years.

Of the first 1390 patients evaluated in the FAS DPN
clinic, 91 received a diagnosis of FAS using the 4-Digit
Diagnostic Code. Although 60% of these 91 patients
were over the age of 5 years at the time of diagnosis,
only 8 had records documenting a previous evaluation
and diagnosis of FAS. These 8 patients ranged in age
from 1 to 24 years old. Of the 1299 patients that did not
receive a diagnosis of FAS in the FAS DPN clinic, 24
had previously been diagnosed with FAS, but neither
their medical records nor direct evaluations could
substantiate the diagnosis. Similar observations were
made among the children enrolled in the Foster Care
FAS Screening/Diagnostic Program. All 10 children
who screened positive for FAS among the first 600
children enrolled had no documentation of risk of FAS
in their medical, school or psychological records even
though the oldest was 11 years old and most had sev-
eral inches of records. All 10 children would have been
missed by a records-based approach to surveillance.

Another important and unique strength of the FAS
DPN approach to surveillance is the potential for
direct benefit to the child and their family. Typically,
surveillance programmes have no direct contact with
subjects and thus, provide no direct benefit to them. In
contrast, the FAS DPN program, through its initial
screening and diagnostic phases, provides children
who screen positive with the benefits of an accurate
diagnosis and intervention plan. This can lead to
improved access to services, more appropriate foster/
adoptive placements and prevention of secondary dis-
abilities.® The potential for direct benefit also serves as
a powerful motivator for participation as demon-
strated by the 98% participation rate. Maintaining a
high participation rate depends in large part on the
families’ experiences with the screening programme.
It is imperative that false-positive screening outcomes
are minimised. This is achieved with the FAS Facial
Photographic Analysis Software screening tool
because the FAS facial phenotype is highly sensitive
and specific to FAS.>*® Growth deficiency and cogni-
tive/behavioural dysfunction are not specific to FAS.
Screening children positive for FAS, who do not have
FAS, not only costs time and money to conduct unnec-
essary diagnostic evaluations, but more importantly,
can come at a high emotional cost to families, espe-
cially to the birth mothers.

© Blackwell Publishing Ltd. Paediatric and Perinatal Epidemiology 2004, 18, 344—351



350 S.]. Astley

Although the FAS DPN approach to tracking the
prevalence of FAS over time has many strengths, it is
important to consider what factors may affect the valid-
ity of the results presented here. Although the observed
decline in FAS was statistically significant, it is impor-
tant to note that the prevalence estimates within each
birth cohort are limited by the small samples sizes. Two
factors, however, support the validity and stability of
these interim results. First, the prevalence estimates are
based on near complete (98%) ascertainment of the
eligible population and thus it is highly unlikely that
any FAS cases were missed. Secondly, when we look
forward in time to all 908 children screened to date in
this ongoing screening programme, a significant
decline in the prevalence of children screening positive
for FAS continues to be observed across the subset of
383 children born between 1993 and 1998 (chi-
square = 4.03, P =0.04). For comparison, the CDC also
recognised the impact of small sample sizes on the
precision of prevalence estimates, thus they required a
minimum of 30 respondents and a response rate of
>70% before prevalence estimates could be reported
from the PRAMS data.® These criteria were met or
exceeded in this FAS prevalence study. An obvious
solution to small sample sizes is to expand the screen-
ing statewide and discussions are underway to do that.

One of the key goals of surveillance is to assess the
effectiveness of primary prevention. This approach to
tracking the prevalence of FAS over time in a high-risk
foster care population offers an interesting alternative
to tracking the prevalence of FAS across an entire state
population. If statewide prevention efforts and state-
wide reduction in maternal alcohol use are effectively
reducing the prevalence of FAS in this foster care pop-
ulation, it would be difficult to argue that similar
reductions are not also being realised across the entire
general population. The same can be said for the
impact of prevention efforts on the full spectrum of
disorders caused by prenatal alcohol exposure. If
maternal drinking during pregnancy is reduced, the
full spectrum of disorders caused by that drinking will
be reduced, not just the disorder called FAS.

Although there is tremendous merit and value in
tracking the prevalence of individuals damaged by
prenatal alcohol exposure who do not meet the diag-
nostic criteria for FAS, an accurate and valid screening
tool to achieve this does not currently exist. Until such
time, reduction in maternal drinking during preg-
nancy and reduction in the prevalence of FAS in foster
care can serve as valid proxy measures for reduction

of the full spectrum of disorders associated with pre-
natal alcohol exposure across the general population.
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